Full article available online at Healio.com/Orthopedics Figure: Comparison of immediate postoperative portable recovery room radiograph (A) vs outpatient radiograph (B) in the same knee, demonstrating the inferior quality of the recovery room study.
Cost-containment strategies are of increasing importance in total knee arthroplasty (TKA). Obtaining immediate postoperative radiographs following primary TKA is common practice, but their usefulness is controversial. The goal of this study was to evaluate the effect of immediate postoperative radiographs on reoperation within 60 days, assess film quality, and determine the cost associated with these radiographs. Using a billing registry at the authors' institution, the number of TKAs performed from 2000 to 2011 was determined. Of those, the authors determined which had undergone reoperation within 60 days. They evaluated those who had immediate postoperative radiographs following their primary TKA, and determined those who had been reoperated on as a result of information obtained from these radiographs. Of 6603 patients who underwent primary TKA from 2000 to 2011, 136 (2%) underwent reoperation within the first 60 days. The causes leading to reoperation were arthrofibrosis, infection, wound-healing complications, and hematoma. Of the 136 who underwent reoperation, 76 had immediate postoperative radiographs. None of them underwent reoperation as a result of findings noted in the radiographs. Of the radiographs reviewed, only 43% were deemed adequate by predetermined criteria. The results of the current study demonstrate that these radiographs do not affect the decision for reoperations that occur within 60 days of the index procedure. Although there may be a benefit to immediate postoperative radiographs in selected clinical situations, the decision for routine use needs to be weighed in light of significant cost and limited clinical usefulness.
T otal knee arthroplasty (TKA) is one of the most commonly performed orthopedic procedures in the United States, with an average of 600,000 cases performed annually. 1, 2 There has been a 161.5% increase in the number of TKAs performed annually among Medicare beneficiaries from 1991 to 2010, and this number is only expected to increase. 2 Although this serves as a testament to the success of the procedure in this population, the continued increase in frequency also represents substantial implications to the health care budget. As health care costs continue to rise in the face of increasing scrutiny of health care expenditures and reimbursements, cost-containment strategies are of increasing importance in TKA. As such, there is a demand for delivery of cost-effective care without compromising the quality of clinical results.
Obtaining immediate postoperative portable radiographs after primary TKA, typically in the recovery room setting, is a practice adopted by many orthopedic surgeons. This is generally done for immediate feedback of surgical technique and to identify a potentially concerning finding that would necessitate reoperation. However, it is unclear whether these radiographs have an effect on a patient's clinical course and whether their cost is justified. In the current health care climate of bundled payments and managed care, the use of routine postoperative portable radiographs has been called into question. Although several studies have evaluated the usefulness of recovery room radiographs after TKA, none have evaluated specifically the effect of these radiographs on reoperation in the immediate postoperative period. Reoperation after TKA continues to be a tremendous financial burden to the health care system. It has been estimated that revision TKAs may increase by 66% during the next 20 years and may exceed $2 billion in hospital costs by 2030. 3 Although the immediate postoperative portable radiograph has the theoretical potential to be an effective detection method for identifying cases in need of reoperation, this has not been substantiated in the literature. The goal of the current study was to evaluate the effect of immediate postoperative radiographs on reoperation within 60 days, assess film quality, and determine the cost associated with these portable radiographs at the authors' institution.
Materials and Methods
After institutional review board approval, a large-scale billing registry of all orthopedic procedures performed at the authors' institution was used to determine the number of TKAs performed from 2000 to 2011 accounted for in the database. These were identified by Current Procedural Terminology (CPT) codes. Of those, the authors retrospectively determined which had undergone reoperation within the first 60 days postoperatively based on an exhaustive list of possible CPTs associated with TKA ( Table 1) . In theory, analysis of an immediate postoperative portable radiograph should provide information that would lead to reoperation during the initial hospitalization following TKA. However, the limited time spent as an inpatient after the procedure is unlikely to encompass the majority of reoperations that occur within the early postoperative period. As such, 60 days was chosen as a time point with the rationale that the majority of causes of reoperation in the immediate postoperative period, including acute infection, hematoma necessitating drainage, gross technical errors, and arthrofibrosis, would likely be addressed over this time span. After a review of the cases that had undergone reoperation in the authors' electronic medical record, they determined which of these patients had immediate postoperative radiographs following primary TKA. Of those, the authors assessed whether these patients had been reoperated within 60 days as a result of information obtained from those radiographs.
The postoperative radiographs in this cohort of patients were analyzed and their quality assessed. The authors assessed the adequacy of the beam angle in terms of the clear space between the tibial tray and the femoral component. Overlap of these on the image rendered the study inadequate. In accordance with a previously described method for assessing adequacy of radiographs for baseline comparison, 4 with some modifications, the radiograph was deemed adequate if (1) the clear space measured between the tibial tray and femoral component was greater than 3 mm and (2) the radiograph was not heavily obscured by an external knee brace or bandage that impaired visualization of the implant-cement or bonecement interface. Although exposure is another important factor for assessing film quality, the authors' radiographs were reviewed electronically, where window and contrast adjustment features of the digital viewer typically eliminated this concern. In addition, they also obtained data from their institution's radiology billing department to determine the cost of portable knee radiographs.
results
Of the 6603 patients who underwent primary TKA from 2000 to 2011, 136 (2%) underwent reoperation within the first 60 days of the index procedure. The causes leading to reoperation were arthrofibrosis (n=104), infection/wound-healing complications (n=26), hematoma (n=5), and posterior cruciate ligament rupture (n=1) ( Table 2) . Of the 136 patients reoperated within 60 days, 76 had immediate postoperative radiographs after their primary TKA. The causes of reoperation in this group were arthrofibrosis (n=54), infection/wound-healing complications (n=17), and hematoma (n=5) ( Table 3) . None of these patients underwent reoperation as a result of findings noted in the immediate postoperative radiographs. The quality of these portable radiographs was generally poor compared with those obtained in the outpatient setting (Figure) . Only 3 of these patients underwent reoperation during the initial postoperative hospitalization, with 2 undergoing manipulation under anesthesia and 1 undergoing irrigation and debridement for an acute postoperative infection. The remainder of reoperations (n=133) occurred at a time following discharge from the initial hospitalization.
Of the 76 patients who were reoperated with immediate postoperative radiographs, 44 had radiographs that were accessible for electronic review. The inaccessible radiographs were those prior to 2005, which were available as hard copy only. Of these radiographs reviewed, only 19 (43%) were deemed adequate by the authors' predetermined criteria. Most of these were inadequate secondary to significant overlap of the tibial tray on the femoral component from an improperly positioned beam.
Regarding the cost of immediate postoperative portable radiographs, the authors consulted with the radiology billing department at their institution. Although there are variations in charges billed and collected from patient to patient depending on various factors, the approximate cost for a set of anteroposterior and lateral portable knee radiographs at their institution was estimated to be $423.29. This was also found to be the same charge for knee radiographs done in the outpatient setting at their institution. The estimated cost is based on musculoskeletal interpretation costs per relative value unit, which includes professional billing fees, physician billing compliance, and department overhead, as well as technical costs, including technologist wages and equipment maintenance. 
discussion
It is the practice of many orthopedic surgeons to obtain portable radiographs immediately following TKA, typically in the recovery room setting. These can serve to provide instant feedback regarding technical aspects of the procedure performed, including identification of complications such as a fracture, and can also serve to teach, refine, and improve surgical technique. 5 Although a detection method to identify cases early that potentially need reoperation would be valuable, the results of the current study demonstrate that immediate postoperative portable radiographs after TKA do not appear to have an effect on the decision for reoperation that occurs within 60 days of the index procedure. In addition, these images are often of suboptimal quality. This raises the question of whether the substantial cost, discomfort, and radiation exposure to the patient are justified. These findings are consistent with other previously reported data and suggest that patients may be better served with an initial baseline radiograph deferred to their first or second postoperative follow-up appointment. 6, 7 Radiographs obtained in this setting are likely to have more value in assessing component alignment and surgical technique. The authors' current practice is to obtain radiographs 6 weeks postoperatively at the first visit (unless clinically indicated sooner) and then again at the 1-year follow-up visit.
It is well established that recovery room radiographs are often inferior to those obtained in an outpatient clinic setting and typically do not provide an adequate baseline for future radiographic comparison. 4, 6 In the recovery room, patients are often limited by pain and immobility, which results in radiographs depicting a flexed, rotated knee, further obscured by bulky dressings. 8 Furthermore, these radiographs are not weight bearing, which also presents a limitation in component evaluation. It is further argued that the surgical exposure for TKA provides near-complete visualization of the femoral and tibial surfaces, and intraoperative direct visualization of component position is superior to that seen on portable recovery room radiographs. 4, 6 However, although the results indicate that immediate postoperative radiographs did not influence the decision for reoperation within 60 days, this does not take into account that other management decisions excluding reoperation could have been made based on the radiographs that were not accounted for in the analysis. For example, this could include a change in weight-bearing status or a change in rehabilitation protocol from a nondisplaced fracture. Certain clinical situations may warrant obtaining radiographs in the recovery room; these could include the use of intramedullary stems, the use of fixation hardware, or concern for a fracture not identified intraoperatively.
Increasing scrutiny on issues related to cost containment in TKA will continue to be at the forefront. Although perioperative radiography does not account for the most substantial portion of costs associated with TKA, there will be a continued push for eliminating unnecessary expenditures. It has been recognized that implant costs are generally the most significant factor driving the high cost of TKA, 9 and efforts should continue to address this as a target for cost containment. However, there is also a significant cost associated with routinely obtaining immediate postoperative portable radiographs following primary TKA, which, according to the current study, may be unnecessary if performed on a routine basis. The estimated hospital charges for a set of portable knee radiographs at the authors' institution are $423.29, including both technical and professional fees. Although actual reimbursements collected and the true cost to the hospital are typically lower than this and vary significantly depending on a multitude of factors, if extrapolated to the 600,000 TKAs performed annually in the United States, There are several limitations to the current study. The retrospective database review has inherent limitations in its design. Because this dataset accounts for all surgeons performing TKA at the authors' institution, variations in surgeon practice preferences should also be noted because this may have skewed the authors' data. Overall, manipulation for stiffness was the most common cause of reoperation in the current series, which is consistent with published data. 10 Another potential limitation is that the cohort comprised patients at a tertiary referral center operated by fellowshiptrained arthroplasty surgeons, and the rate of reoperation may be underestimated compared with that seen in other settings. Conversely, patients being referred to a tertiary referral center can often have more involved comorbidities and may require more challenging reconstructions, which may also put them at increased risk for reoperation.
Finally, these data cannot be generalized to total hip arthroplasty. Although it has been shown that a substantial portion of radiographs taken portably in the recovery room after total hip arthroplasty may be inadequate to assess technical issues, a recent study by Ndu et al 11 showed that an inpatient set should be obtained and reviewed by the surgeon to evaluate component positioning and documentation of reduction after total hip arthroplasty. In theory, there is the possibility of encountering a dislocated primary TKA in the immediate postoperative period, although such a finding would be rare. To the authors' knowledge, there has not been a TKA dislocation in the immediate postoperative period reported in the literature, although it has been reported as an infrequent complication seen in posteriorstabilized designs secondary to cam jump. As such, they did not view dislocation in the immediate postoperative period after primary TKA as significant of a concern when compared with total hip arthroplasty.
conclusion
As economic constraints continue to call for cost-effective care, the elimination of unnecessary expenditures will continue to be at the forefront. The results of the current study demonstrate that immediate postoperative portable radiographs following TKA do not affect the decision for reoperations that occur within 60 days of the index procedure. Although there may be a benefit to these radiographs in selected clinical situations after TKA, the decision for routine use needs to be weighed in light of the significant cost and limited clinical usefulness.
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